. E6 and E7 can prompt the cell to enter S-phase, leading to cell-cycle interruption and proliferation and subsequently oncogenesis, and eventually inducing upregulation of p16 INK4a expression to levels that can be detected readily by immunohistochemistry (IHC) (12) .
Previous studies have demonstrated that p16 INK4a is highly expressed in oropharyngeal squamous cell carcinoma patients who have been infected by HPV (12) (13) (14) . Additionally, p16 INK4a was also strongly expressed in patients with head and neck squamous cell carcinoma (7, 15) and patients with cervical squamous cell carcinoma (16, 17) who had been infected by HPV. Based on these results, p16 INK4a is mostly regarded as a screening marker in squamous cell carcinoma in patients infected with HPV (12, 16, 17, (13) (14) (15) . Nonetheless, the role of p16 INK4a as a surrogate marker of HPV infection in ESCC remains controversial.
Numerous studies have researched the role of p16 INK4a in HPV-infected ESCC patients, but there are still no final and consistent conclusions. Among the included studies, some (18) (19) (20) (21) (22) suggested that p16 INK4a may play an important role in the development of ESCC in patients infected with HPV, but others (23) (24) (25) (26) (27) hold an opposite view. It is therefore necessary to perform quantitative aggregation of these results.
In an attempt to clarify the controversy, we undertook this meta-analysis to evaluate the relationship between p16 INK4a expression and HPV in ESCC.
Materials and methods
This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic reviews and Metaanalysis (PRISMA) checklist ( Supplementary Table S1 -PRISMA checklist. Available online at www.biological-markers.com) (28) .
Search strategy
An independent search was done by 2 authors for studies from the following databases: EMBASE, PubMed, China National Knowledge Infrastructure (CNKI) and China Biology Medicine (CBM) from inception to December 27, 2015. The search strategies used combinations of the following search terms: ("esophageal squamous cell carcinoma" OR "oesophageal squamous cell carcinoma" OR "esophageal carcinoma" OR "esophageal cancer" OR "carcinoma of esophagus") AND ("HPV" OR "human papillomavirus") AND ("p16 INK4a " OR "p16 INK4a protein" OR "p16" OR "p16 INK4a gene"). Only human studies were considered. No language or date-of-publication restrictions were imposed. In addition, a manual search was done by checking the references of relevant studies to identify additional potential studies. Any divergence was resolved through discussion and consensus with a third author.
Eligibility criteria
Three authors evaluated the studies obtained with the independent search. Divergences were solved by discussion between authors. The eligibility criteria were as follows: (i) studies in which patients were diagnosed with ESCC by pathological diagnosis; (ii) studies explicitly describing the method of HPV DNA detection, which mainly included polymerase chain reaction (PCR) and in situ hybridization (ISH) amplification methods; (iii) randomized controlled trials, case-control studies, and prospective cohort studies; (iv) studies in which the sample size was no less than 5 individuals; (v) studies that reported the relationship between p16 INK4a expression and HPV infection in ESCC. If a study was reported in duplication, we selected the one which provided more relevant information. Review articles without data, case reports, letters, and studies on animals and other cancers were excluded.
Data extraction
Data extraction was carried out independently by 4 authors according to an accepted standard. Subsequently, the collected data were cross-checked by 2 additional authors and discrepancies were solved by discussion. For each article, we extracted in detail the following data: author information, date of publication, name of journal, study design, study country or area, sample size, characteristics of patients, types of primers and specimens, HPV types, method of HPV detection, p16 INK4a detection method, and definition of p16 INK4a expression. Subsequently, we imported the collected data into a standardized Microsoft Office Excel file.
Quality assessment
The quality of the established studies was systematically assessed by 4 reviewers using the Newcastle-Ottawa Scale (NOS) criteria (www.ohri.ca/programs/clinical_epidemiology/oxford.asp). A star system for quality assessment was used that contains 3 sections: selection (0-4); comparability (0-2); and exposure (0-3) (29) . The aggregate stars ranged from 0 to 9. Studies with at least 5 stars were included in our metaanalysis, and those with more than 7 stars were regarded as high-quality studies. We again resolved any disagreement through discussion between the authors.
Statistical analysis
Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to estimate the relationship between p16 INK4a expression and HPV infection in ESCC. Statistical tests were two-sided and p values less than 0.05 were considered statistically significant. We used the inconsistency (I 2 ) test and Cochran's Q-test to calculate heterogeneity between studies. I 2 values <25%, 25%-50%, 50%-75%, and >75% were supposed to have no heterogeneity, low heterogeneity, moderate heterogeneity, and high heterogeneity, respectively (30) . If significant heterogeneity was observed (I 2 >50% or p value of the Q-test <0.1), a random-effects model was applied; otherwise, a fixed-effects model was used (31) . To assess the stability of the pooled results, sensitivity analysis was applied. To explore the sources of heterogeneity, subgroup analyses were done.
The potential publication bias was assessed by means of the funnel plots of Egger's and Begg's tests. If the funnel plot was asymmetric or the p value of Egger's tests >0.5, this was regarded as no publication bias. Stata version 12.0 (StataCorp LP) (www.stata.com) was used for all statistical analyses in the study. 
Results

Search results
A total of 83 potentially relevant studies were initially identified based on our predefined search strategy. After excluding duplicates and screening titles and abstracts, 27 articles were chosen for further detailed evaluation, and 56 articles were excluded for the following reasons: duplicates (n = 28); review or systematic review (n = 5); reported on esophageal precancerous lesions (n = 5); reported on esophageal squamous papilloma (n = 4); reported on head and neck squamous cell carcinoma (n = 5); reported on esophageal adenocarcinoma and Barrett's esophagus (n = 4); reported on cell metabolism (n = 5). After reviewing the full text in detail, we removed 17 studies for the following reasons: lack of detailed information regarding p16 protein (n = 7); reported the same study (n = 5); conference poster (n = 1); conference abstract (n = 2) ; lack of control information on HPV-negative cases (n = 1); reported genetic alterations of esophageal carcinoma (n = 1). A total of 10 articles involving 235 cases and 750 controls (985 ESCC cases), which were published between 2006 and 2014, were eligible and included in this meta-analysis (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . The process of inclusion and exclusion was performed according to the PRISMA statement (32) . The flowchart of the literature selection process is shown in Figure 1 .
Study characteristics and quality assessment
The main characteristics of the included studies are summarized in Table I . Of these studies, 6 reported only on highrisk types of human papillomavirus (HR-HPV), i.e., HPV16 or HPV18 (18, 20-22, 24, 26). The others focused on multiple HPV types (19, 23, 25, 27) . Eight studies were published in English (18) (19) (20) (23) (24) (25) (26) (27) and 2 in Chinese (21, 22) . The patients in these studies came from different countries including China (18, 20-22, 24, 27) , Brazil (23), Japan (19) , Pakistan (19) , Sweden (25) , Colombia (19, 26) , and Chile (26) . Formalin-fixed, paraffin-embedded (FFPE) samples were used to detect HPV DNA by means of PCR or ISH amplification; p16 INK4a expression was detected by IHC. Table II summarizes the details of quality assessment. The aggregate stars of the included studies ranged from 6 to 9. Six of the 10 studies were identified as high quality, as shown in Table I .
Meta-analysis results
Association between p16 INK4a expression and overall-HPVtype infection in ESCC
Ten studies (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) assessed the potential association between p16 INK4a expression and overall HPV types (types 1, 6, 11, 16, 18, 33, 35, 42, 45 , 51, 52, 66, 68, 73 and 82) in ESCC. p16 INK4a was detected in 39.6% of the HPV-positive and 20.5% of the HPV-negative specimens. As there was significant heterogeneity between studies (I 2 = 82.7%, p<0.0001), the random-effects model was used. As shown in Figure 2A , the pooled analysis showed no significant association between p16 INK4a expression and HPV infection in ESCC based on overall HPV types (OR: 1.79, 95% CI: 0.69-4.66, p = 0.235). To explore the sources of the significant heterogeneity, subgroup analysis was performed by HPV detection method. The results indicated no statistical significance in either the PCR (OR: 1.65, 95% CI: 0.83-3.30, p = 0.154) or ISH group (OR: 2.58, 95% CI: 0.03-268.14, p = 0.689) (Fig. 2B ). The result of subgroup analysis can explain only approximately 30% of the heterogeneity.
Sensitivity analysis was performed to evaluate the stability of the pooled results. The pooled OR was found to range from 1.27 (95% CI: 0.58-2.84) to 2.32 (95% CI: 0.95-5.64). As shown in Figure 3A , the pooled results were very stable and no single article significantly influenced the pooled OR.
Association between p16 INK4a expression and HR-HPV infection in ESCC
Six studies reported data regarding the relationship between p16 INK4a expression and HR-HPV types (HPV16 or HPV18) in ESCC (18, 20-22, 24, 26) . In these studies, p16 INK4a was found in 45.1% of the HPV-positive and 37.4% of the HPV-negative specimens. Since significant heterogeneity was identified between studies (I 2 = 89.6%, p<0.0001), the random-effects model was applied. As shown in Figure 2C , the pooled OR showed no significant relationship between p16 INK4a expression and HR-HPV in ESCC (OR: 1.31, 95% CI: 0.26-6.59, p = 0.741). Owing to the significant heterogeneity between these studies, subgroup analysis was conducted again based on the HPV detection method to explore the sources of the heterogeneity. As shown in Figure 2D , no significant association between p16 INK4a expression and HR-HPV in ESCC was found in either the PCR (OR: 0.95, 95% CI: 0.25-3.64, p = 0.940) or ISH group (OR: 2.58, 95% CI: 0.03-268.14, p = 0.689). We conducted sensitivity analysis to assess the influence of each individual study. It indicated that the pooled OR did not vary substantially. As shown in Figure 3B , the pooled OR ranged from 0.69 (95% CI: 0.21-2.22) to 1.89 (95% CI: 0.33-10.86), suggesting that the pooled results were also stable regarding HR-HPV types.
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Publication bias
There was no evidence of any publication bias in our meta-analysis. As shown in Figure 4A and 4B, Begg's funnel plot in evaluating the relationship between p16 INK4a expression and overall HPV types in ESCC was symmetrical (Begg's test p = 0.592), and the Egger test showed a p value of 0.722 (95% CI: -5. 16-7.12 ). Begg's funnel plot in assessing the association between p16 INK4a expression and HR-HPV in ESCC was also symmetrical (Begg's test p = 0.707), and the p value of the Egger test was >0.5 (p = 0.772, 95% CI: -13.41-16.79) (Fig.  4C, 4D) . These results attested the absence of any obvious publication biases in the present meta-analysis.
Discussion
p16 INK4a is widely used as a surrogate marker for screening HPV infection in various squamous cell carcinomas (12, 16, 17, (13) (14) (15) . However, there has been controversy about the detection of HPV in ESCC (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . We performed a meta-analysis of the available published literature regarding the potential association between p16 INK4a expression and HPV-based ESCC. The results clearly ruled out any significant relationship between p16 INK4a and HPV infection in ESCC. Notably, p16 INK4a was not a reliable marker of HPV infection in ESCC.
Overall, p16 INK4a was detected in 39.6% of the HPV-positive and 20.5% of the HPV-negative specimens when all HPV types were included. The result of the pooled OR (1.79, 95% CI: 0.69-4.66) that we obtained from the random-effects analysis strongly indicated there was no association between p16 INK4a expression and HPV infection in ESCC. Additionally, owing to the significant heterogeneity between studies, sensitivity analysis was performed, which showed that the pooled OR was stable and no obvious change occurred when any individual article was omitted.
Numerous methods of HPV detection are used today, but the optimal testing method has yet to be clearly defined. Walline et al (33) conducted a study comparing several commonly used HPV assessment tools and showed that PCR with its low DNA requirement (5 ng) is effective for testing small tissue samples, high throughput screening, fast recognition of HPV types, and has high specificity and sensitivity; ISH on the other hand has high specificity among known HPV-positive tumors but comparatively low sensitivity and can miss HPVcontaining tumors as assessed by other methods. Therefore, we performed stratified analyses based on the HPV detection methods. No significant differences were found between the PCR (OR: 1.65, 95% CI: 0.83-3.30, p = 0.154) and ISH groups (OR: 2.58, 95% CI: 0.03-268.14, p = 0.689).
More than 130 HPV types have been identified to date and these types have been classified into high-risk and low-risk genotypes (34) . Previous studies showed that HR-HPV types, especially HPV16 and HPV18, were most strongly associated with ESCC (35) (36) (37) (38) . As mentioned previously, only 6 studies in our meta-analysis investigated whether HPV16/18 affected p16 INK4a expression, and found p16 INK4a in 45.1% of the HR-HPV-positive and 37.4% of the HR-HPV-negative specimens. Therefore, we also evaluated the relationship between p16 INK4a expression and HPV16/18 infection in ESCC. When we conducted a subgroup analysis by HPV detection method, we found no statistical significance in either the PCR group or ISH group. Sensitivity analysis by omitting individual studies alternately indicated that the pooled OR was very stable. Furthermore, the quality of the included studies was judged adequate and the tests did not identify any publication bias, which indicated that the pooled results' bias is probably negligible. All these observations support and strengthen our findings.
In 2013, Michaelsen et al (39) conducted a systematic review of the role of p16 INK4a as a marker of transcriptionally active HPV in ESCC and the regional prevalence of HPV in ESCC. They collected 8 articles that were published between 2006 and 2012. In a pooled analysis with Fisher's exact test for the 8 studies providing p16 INK4a data on both HPV-positive and HPV-negative specimens, the sensitivity of p16 INK4a expression as a marker of HPV DNA was 0.35 and the specificity 0.67 (39) . In comparison, 10 articles published between 2006 and 2014 were included in our study, with 985 ESCC specimens collected from more than 12 different countries or regions. A random-effects model was used to pool the OR to estimate the association between p16 INK4a expression and HPV infection in ESCC. Our study first investigated the relationship between p16 INK4a expression and HPV infection in ESCC through meta-analysis. Moreover, we assessed the influence of overall HPV types and HR-HPV on p16 INK4a expression in ESCC. Additionally, we used the PRISMA checklist to improve the standardization of the present study and provide the detailed selection process of our meta-analysis. Collectively, neither overall HPV nor HR-HPV was related to p16 INK4a expression in ESCC.
There are some limitations to the present analysis that need to be acknowledged. First, DNA was extracted from FFPE samples in the majority of the included studies. It is well known that FFPE tissues are a highly valuable source of genetic material for molecular analysis, but frequently genetic material in those samples is highly degraded, which influences the PCR amplication (40) . Thus, it may be challenging to extract a sufficient number of DNA fragments and reduce the HPV positivity rate. Second, there was marked heterogeneity among the included studies, which might be explained by variations in the study population, geographic location, types of specimens and primers, and HPV detection method. To address this issue, we adopted the random-effects model to combine data and performed a meta-analysis stratified by HPV detection method. However, considerable heterogeneity remained when we performed subgroup analyses by HPV detection method. In addition, sensitivity analyses were conducted to test the stability of the pooled OR and the pooled OR proved very stable. Third, we could not exclude confounders that may affect the HPV prevalence in ESCC cases because few of the included studies provided information on confounders such as age, sex difference, smoking, alcohol consumption, financial situation, level of education, lifestyle and diet. Finally, we did not perform subgroup analyses by geographic location, study population, specimen type, and type of primers because several studies did not provide sufficient information. Further studies should focus on these issues and we will conduct further research to obtain more information on these aspects.
In conclusion, our results demonstrated no significant association between p16 INK4a expression and HPV infection in ESCC, and showed that p16 INK4a is not a reliable screening marker in HPV-associated ESCC. Most importantly, this metaanalysis provides useful information and important evidence for the diagnosis of HPV infection in ESCC in the future. However, further multicenter, large-sample and well-matched prospective studies are still required to illuminate the possible etiological roles of HPV in ESCC.
